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V (new) Aprooessfeconductingca^refonningofhydrocarbonsandalcohols 
^ steam and carbon dioxide for the product of purehydrogen 

a far outer impermeable hoilow niU cylinder nesting two more concentnc 
permeab.e tubular cyUnders, a next inni and a most inner one, having the most inner 
permeab.e eyHnder ,„ be nested withi/the next inner permeab.e cyiinder thus defining 
three different annular zones inc.udi/g nex, inner membrane and most inner membrane, 

gas heating tubes located aiong/he most inner axis, with the catalyst to be in pellet or 
partic.e form, with the hydro/en product to be continuously removed via permeation 
along ^ most inner mem/rane wherein the membrane is made by an inorga^c or 
composite material, with t/e remaining reaction soecies to partially permeate as weU via 
the most inner membrane/and with the permeated species ,o be di.ut.iby an inert earner 
gas flowing a.o„ g the L inner annular zone, with hydrogen only to be —sly 
removed via permeai n along the nex, inner membrane and aliow for continuous 

a me., or non-poL inorgantc material permeable on!, to hydrogen, with the pure 
hydrogen to pemiate through the next inner membrane and withdrawn along the far 
outer cylindrical zone. 

^ (new) L process of claim 1 wherein the most inner membrane is made by one 
or more mails selected from the group consisting of alumina, silica, titania, zirconia, 



yttria, and the next inner membrane made by one <* more materials selected from the 
group consisting of aluminum carbide and nitride; silicon carbide and nitride, titanium 
carbide and nitride, zirconium carbide an/ nitride, tantalum carbide and nitride, 
palladium, silver, copper, zinc, tantalum, vanadium, tungsten. 

<fr / 
\ (new) The process of claim/ wherein the feed hydrocarbon or alcohol is a single 

component or a mixture of components selected from the group consisting of methane, 

ethane, propane, n-butane, i/butane, methanol, ethanol, propanol, butanol, naphtha, 

gasoline, natural gas, coal ias rich in methane, landfill gas rich in methane, flue gas rich 

in methane, biomass and^ sewage gas rich in methane. 

/ 

\ \ (new) The/process of claim 1 wherein the combined feed hydrocarbon and 
carbon dioxide /gas mixture is selected from the group consisting of a CH4 and C0 2 
mixture, acidic natural gas rich in CH4 and C0 2 , coal gas rich in CH4 and C0 2 , landfill 
gas rich whu and C0 2 , biomass and sewage gas rich in CH4 and C0 2 , flue and waste 
gas mixture rich in CH4 and C0 2 - 



\ (new) The process of claimi! with the reject exit stream from the most inner j 
and next inner annular zones£toVve the contained steam removed b$ condensation, and 
subsequentlyTbejpassed through a membrane permeator wherein the(contained in stream] 
hydrogen and carbon dioxide gases are separated by permeation via a P^^ or 
composite membrane and the non permeated hydrocarbons, alcohols, gncQ ***** 
monoxide exit from the non-permeate side of the permeator as a reject stream^ with the 



separated hydrogen and carbon dioxide product mixture to be used as a combined fuel- 

1 

oxidant feed in a molten carbonate fuel cellj 

\^ (new) The process of claim 'ifwherein the reject stream from the permeator 
containing each one or a mixture of unreacted hydrocarbons, alcohols, and carbon 
monoxide is fed in a consecutive steam reforming reaction zone for additional production 
of hydrogen and carbon dioxide gas products.. 

\V*P I*,* 

^ (new) The process of claim 5, wherein the reject stream from the permeator 
containing each one or a mixture of unreacted hydrocarbons, alcohols, and carbon 

oj- C U,'~ f 

monoxide is recycled into the^nitialjatalytic most inner reforming zone for continuous 
reforming reaction. 

\0c\ ivl 

U iP* X (new) The process of claim V, with the reject exit stream from the most inner 
and next inner annular zones(to have'the Untained'steam removed by>ndensationand 
subsequently passed through a cryogenic separator wherein the /contained in stream] 
hydrogen and carbon monoxide are separated as gases, while the hydrocarbons, alcohols, 
^carbon dioxide are separated as condensed liquids and after heating are recycled back 
into the inlet of thefprecedingjcatalytic reforming zo^with the separated hydrogen and 
carbon monoxide product mixture coming from the cryogenic separator to be used in 
following listed consecutive applications, for fuel gas in solid oxide and molten carbonate 
fuel cells, for fuel gas in gas turbines and gas engine^ 
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The pr^ess of d aJ ^herein the reactan, hydrocarbon is methane and the 

reactant alcohol is methanol. 

(new) The process of clann !< wherein a part of the separated licked 

^ Hydrocarbons, alcohol 

mix cd with steam and fed into a^Xflve] reforming reaction zone for additional 
reduction of hydrogen and carbon monoxideQwhich is used in following Hsted 
consecutive apphcations, for fue, gas in solid oxide and molten carbonate fue, cells, for 

y fuel gas in gas turbines and gas engines. 

^ (new) The process of daim'^ wherein the reject exit stream consists of 

„ y dro g en,carbonmonoxideandunreactedsteamand 

oxide or a molten carbonate ftrf ce„ for continuous generation of electricity, with par, or 
a,, of the permeate hydrogen coming ou, of the preceding membrane zone to be fed as 
W eUinthe fue! cell anode inle, in order to provide for supplementary hydrogen fuel feed. 



for at least partial heating of ^preceding} most inner catalyuc zone. 
l; V ^ Uta. process of claim '« &i* *e>e ho, gas emitted by the fue, cell — ng 



zone for use as a reactant in the reforming reaction. 
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(n ew,Theproee S sofcj]lhe Ki „ 4 epe nn ea t eh y d I o g e„ & o nl « 1 e — 

exchange membrane, phosphoric acid, alkaline. 

Jj'f ^T.ep.oeessofdai.l/^theflueho.sase^bythe^eeU.obe 
used forat.eas.par.Whea.ingof.heprecedingmostinnercaU.lyticzone. 

M f (»ew) The process of djjLh *e flue ho, gas, emitted » - -« — 

\ — --- ^ - ,, - dl -* ,D, ""^ ,4 

^ in the inle, of the precede most inner catalytic zone for use as a reactant ,n the 

reforming reaction. 

" ' fue, anode encloses the cylindrical permreactor in order to receive and — direct,, 

* the flue hot gas emitted by the fuel cel, to be 

US ed for at least partial heating of the encioed most inner catalytic reforming zone. 

f 

^ ^ (new) TheproeessofcAwhereinmerejectexitstreamrichinhydrogen, 
andearbonmonoxideaftersteamcondensaUonisusedasfuelfeedinagaseugineorgas 

coming out ofthe preceding membrane zone to be fed as wel. in the engine or turbrne ,n 
order to provide for supplementary hydrogen fuel. 



^ (new) ApLssforoonduotingcauayUctrfonningofhydrooaxbonsandaleohoU 
with steam and carbi dioxide for production of pure hydrogen which includes: 

a far outer im\ermeable hol.ow tubular cylinder nesting two more concentric 
permease tubuiar cylulrs, a next-inner and a most-inner one, having the most inner 
permease cylinder to be Led within the next inner permeable cylinder thus defining 
three different annular zone* including next inner membrane and most inner membrane, 
with the annular space betwL the far outer and next-inner cylinders to be filled with a 
reforming catalyst, with the ^ to be in pellet or particle form, with hydrogen to be 
continuously removed via pLeation along the next-inner membrane wherein the 
membrane is made by an inorganic or composite material, with the remaining reaction 

species to be diluted by an inertlarrier gas flowing along the next inner annular zone, 
with hydrogen only to be continuously removed via permeation along the most inner 
membrane in order to allow for Ltinuous hydrogen withdrawal out of the far outer 
catalytic .one and for continuous Librium shift of the reactions evolving within mis 
zone, with the most inner membrale to be made by a metal or non-porous inorganic 
material, and with the permeate pure hydrogen to withdrawn along the most inner 
cylindrical zone. 

2 \ (new) The process of claim 19 Uerein the next inner membrane is made by one 
or more materials selected from the grouV consisting of alumina, silica, titania, zirconia, 
vttria, and the most inner membrane maLy one or more materials selected from the 
P consisting of aluminum carbide andVitride, silicon carbide and nitride, titanium 



group i 



cb.de and nitride, zirconiuWbide and nitride, ***** -bide and nitride, 
palladium, silver, copper, zine, tantalihn, vanadium, tungsten. 

^ (new) The process of claim ^herein the feed hydrocarbon or a.coh ol is a 
sing ,e component or a mixture of components slected from the group consisting of 
methane, ethane, propane, n-butane, i-butane, methanol, ethanol, propanol, butanol, 
naphtha, gasoline, natural gas, coa! gas rich in methane, landfill gas rich in methane, flue 
or waste gas rich in methane, biomass and sewage gas rich in methane. 

)^ (new) The process of claim ^herein the combined feed hydrocarbon and 
carbon dioxide gas mixture is selected from the group consisting of a CH, and C0 2 
mixture, acidic natural gas rich in CH4 and CO2, coal gas rich in CH4 and CO2, landfill 
gasrichinOUandCO, biomass and sewage gas rich in CRi and CO2, flue and waste 
gas mixture rich in CH 4 and C0 2 . 

P $i (new) The process of claim^* the reject exit stream from the far outer and 
n ex, inner annu,ar zones to have the contained steam removed by condensation, and 
subscuently be passed through a membrane ^rmeator wherein the contained in stream 
hydrogen and carbon dioxide are separated by permeation via a polymer or composite 
membrane and the non permeated hydrocarbons, alcohols, and carbon monoxide exit 
from the non-permeate side of the permeator as a r^ec, stream, with the separated 
bvdrogen and carbon droxide product mixture to be used as a combmed fue.-oxidant feed 
in a molten carbonate fuel cell. 
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(new) The process of claim ^herein me reject stteam from me permeator 
conning each one or a mixture of unreacted hydrocarbons, alcohols, and carbon 
monoxide is fed in a consecutive steam reforming reaction zone for additional production 
of hydrogen and carbon dioxide gas products. 

(new) The process of claim ^wherein the reject stream from the permeator 
containing each one or a mixture of unreacted hydrocarbons, alcohols, and carbon 
monoxide is recycled into the preceding catalytic far outer reforming zone for continuous 
\ reforming reaction. 



meprocessofclaim^mmcrejectexitsu-eamfromthefarouterand 
next inner annular zones to have the contained steam removed by condensation and 
subsequently passed through a cryogenic separator wherein the contained in stream 
hydrogen and carbon monoxide are separated as gases while the hydrocarbons, alcohols, 
and carbon dioxide are separated as condensed .iquids and after heating are recycled back 
into the inlet of the preceding catalytic reforming zone, with the sepaxa.ee hydrogen and 
carbon monoxide product mixture coming from the cryogenic separator to be used in 
Mowing listed consecutive applications, for fuel gas in solid oxide and molten carbonate 
fuel cells, for fuel gas in gas turbines and gas engines. 

> 1 ' i^MThe process of claim * wherein the reactant hydrocarbon is methane and the 
reactant alcohol is methanol. 



1 (new) Tta process of claim X wherein a part of the separated liquefied 
hydrocarbons, akohols, and carbon dioxide components from the cryogenic separator are 
mixed with steam and fed into a consecutive reforming reaction zone for additional 
production of hydrogen and carbon monoxide which is used in following listed 
consecutive applications, for fuel gas in solid oxide and molten carbonate fuel cells, for 
fuel gas in gas turbines and gas engines. 

V ^^"(new) The process of claim '^wherein the reject exit stream consists of 
hydrogen, carbon monoxide, and unreacted steam which enters as a fuel gas feed into a 
solid oxide or molten carbonate fuel cell for continuous generation of electricity, with 
par, or all of the permeate hydrogen coming out of the preceding membrane zone to be 
fed as well in the fuel cell anode inlet in order to provide for supplementary hydrogen fuel 
feed. 

^ '4 Ml* process of claimant the flue hot gas emitted by the fuel cel. to be used 
for at least partial heating of the preceding far outer catalytic zone. 

^illta process of claim ^with the flue ho, gas emitted by <he fuel cell containing 
s,eam and carbon dioxide, to be recycled in the inlet of the preceding far outer catalytic 
zone for use as a reactant in the reforming reaction. 
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^[^2. (new) The process of claim ^wherein the permeate hydrogen from the membrane 
zone is used as fuel feed in a consecutive fuel cell for continuous generation of electricity, 
with the fuel cell to be one of the listed types: solid oxide, molten carbonate, proton 
exchange membrane, phosphoric acid, alkaline. 

n f \^ ^ 
^ U & (new) The process of claim &mth the flue hot gas emitted by the fuel cell to be 

used for at least partial heating of the preceding far outer catalytic zone. 

"\ (new) The process of claim ^with the flue hot gas containing steam and carbon 

<T\ dioxide, emitted by the solid oxide and molten carbonate fuel cell, to be recycled in the 

^ inlet of the preceding far outer catalytic zone for use as a reactant in the reforming 



reaction. 



\^ \k>y 

^ ^ k (new) The process of claim^zf wherein the fuel cell is of a cylindrical shape and its 
fuel anode encloses the cylindrical permreactor in order to receive and consume directly 
the permeate hydrogen gas as fuel, and with the flue hot gas emitted by the fuel cell to be 
used for at least partial heating of the enclosed far outer catalytic reforming zone. 



(new) The process of claim 19, wherein the reject exit stream nch in hydrogen, 
and carbon monoxide after steam condensation is used as fuel feed in a gas engine or gas 
turbine for continuous generation of electricity, with part or all of the permeate hydrogen 
coming out of the preceding membrane zone to be fed as well in the engine or turbine in 
order to provide for supplementary hydrogen fuel. 



$ V) A process for conducting catalytic hydrocarbon reforming with carbon 
dioxide.lLo duction of pure hydrogen and carbon dioxide which includes: 

a far\ impermeable hollow tabular cylinder nesting two more concentric 
permeable tubvAyHnders, a next-inner and a most-inner one, having the most inner 
permeable cylinder\be nested within the next inner permeable cylinder thus denning 
thre e different annular zWs including next inner membrane and most inner membrane, 
with the annular space be\een the far outer and next-inner cylinders to be filled with a 
.forming catalyst in pellet o\parnc,e form, with hydrogen and carbon dioxide to be 
continuous* removed via permeation along the next-inner membrane wherein the 
membrane is made by an i-o*A« ^ — 

species , be diluted by an inert carriers flowing aiong the next inner annular zone, 
with hydrogen and carbon dioxide specie\ ,o be continuous* removed via permeation 
aiongthe most mner membrane, with the mo\inner membrane to be made byapolymer 
or inorganic materia, which is permeable to bo^hydrogen and carbon dioxide species, 
with the permeated binaty hydrogen-carbon dioxide— e to be withdrawn by flowing 
along the most inner cylindrical zone. N ^ 

^ (new) The process of claim 37 wherein the next ^membrane is made by one 
or more materials selected from the group consisting of alumina. «Hca. titania, zirconia, 
^a, and the most inner membrane made by one or more mat^als se.eeted from the 
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group consisting of alumina, silica, titania, zirconia, yttna^des, po.ycbona.es, 
polybenziimidazoles, polyphospazenes, polysulfoncs. 

^ (new) Ue process of claim 37 wheretn the feed hydrocarbon or alcohol is a 
sing ,e component or a mixture of cor/nents selected from the group consisting of 
methane, ethane, prop**, n-bu,/ ~ methanol, ethanol, propanol, butanol, 
naphtha, gasoline, natural gas/a. gas rich in methane, landfill gas rich in methane, flue 
and waste gas rich in med/e, biomass and sewage gas rich in methane. 

(new) l/process of claim 37 wherein the combined feed hydrocarbon and 
carbon diox/gas mixture is seiected from the group consisting of a CH, and C0 2 
mixture/cidienatura.gasrichinCH.andCO, coal gas rich in CH, and C0 2 , landfill 
gasAin-MCO, biomassandsewagegasrichinCH.andCO, flue and waste 

rich in CT 4jnd C0 2 . 

• \^~^)Tte process of claim ^ wherein the combined permeate from the membrane 
hydrogen and carbon dioxide gas mixture is consumed as fuel-oxidan, in a consecutive 
molten carbonate fuel cell. 

cell ,„ be used for at leas, partial heating of the preceding far outer catalytic zone. 
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cel. — g carbon dioxide, to be recycled in the inle, of the preceding far outer 
catalytic zone for use as reactant in the reforming reaction. 

^^iThe process of claim jiherein the molten carbonate fuel cell is 

shape and its fuel anode encloses the cyhndrical permreactor in order to receive and 

hot gas emitted by the te> cell to be used for at leas, partial heating of the enclosed far 
"\ outer catalytic reforming zone. 

^ivi ' ft (new) The process of c.aim ^wherein the reject exit stream consisting of 
hvorogenandcarb^nmonoxideentersasfuelgasfeedinmeanodeofaconsecutivesolid 

oxide fuel cell for continuous generation of electricity. 



^ ^.MThe process of clar-n^wim the flue ho. gas emitted by the so.id oxide fuel cell 
,o be used for at least partial heating of the preceding far outer catalytic zone. 

> K$Ul« process of Cairn jjL the flue ho, gas emitted by the so.id oxide fuel eel, 
containing carbon dioxide, to be recycled in the iniet of the preceding far outer catalytic 
zone for use as reactant in the reforming reaction. 

^ (new) The process of claim ^ 'wherein the reject exit stream rich in hydrogen, 
^ and carbon monoxide after steam condensation is used as fue, feed in a gas engine or gas 



turbine for continuous generation of electricity, with part or al, of the permeate hydrogen 
mi carbon dioxide coming out of the preceding membrane zone to be fed as wel. in the 
r turbine in order to provide for supplementary hydrogen fuel. 



engine or v 



